Management of non-vital teeth with open apices is a challenge to dental practitioners. In this clinical scenario, it is difficult to maintain the obturation material within the confines of root canal without encroaching into periapical area. Also, thin dentinal walls of canal is a matter of concern. These cases cannot be managed by conventional endodontic treatment and need customized treatment plan. Treatment of such teeth with calcium hydroxide may demand long time and patient compliance. But with MTA same treatment can be done in reasonably less time with predictable results. Hence, these two case reports present the use of MTA to form an apical plug in open apex followed by complete root canal obturation using thermoplasticized gutta-percha under operating microscope.
INTRODUCTION
One of the aims of root canal treatment is to completely fill the root canal system in order to prevent reinfection. In teeth with incomplete root development as a consequence of pulp necrosis through trauma or caries, the absence of a natural constriction at the end of the root canal makes control of filling materials difficult. Because of the lack of apical constriction, an alternative to standard root canal treatment, apexification or root-end closure, has been advocated. 1 Apexification can be defined as a method to induce a calcified barrier in a root with an open apex or the continued apical development of teeth with incomplete roots and a necrotic pulp. 2 Calcium hydroxide has been the first choice material for apexification, 3 with repeated changes over the course of 5 to 20 months to induce the formation of a calcific barrier. 4 The unpredictable and often lengthy course of this treatment modality presents challenges, including the vulnerability of the temporary coronal restoration to reinfection. 5 Moreover, the treatment requires a high level of patient compliance. For these reasons, one visit apexification has been suggested. 6 Mineral trioxide aggregate (MTA) has been proposed as a material suitable for one visit apexification, [7] [8] [9] as it combines biocompatibility 10, 11 and a bacteriostatic action 12 with favorable sealing ability when used to repair root/pulp chamber perforations 13 or as a root-end filling material. 14 MTA offers a barrier at the end of the root canal (apical plug) in teeth with necrotic pulps and open apices 7 that permits vertical condensation of warm gutta-percha in the remainder of the canal.
The use of an operating microscope may allow better control of the placement of the MTA at the end of the root canal. 15 The aim of present case reports is to present the short-term follow-up results in two treated teeth with non-vital pulps and open root apices which were managed with MTA apical plug technique, placed under the operating microscope.
CASE DESCRIPTION

Case Report 1
A 21-year-old male patient presented to the Department of Conservative Dentistry and Endodontics, KLEVK Institute of Dental Sciences, Belgaum, Karnataka, India, with a mild swelling at the apical region of his maxillary right central incisor and had received incomplete endodontic treatment from some private clinic. History revealed that the patient had suffered trauma around the age of 8 years. Radiographic examination revealed an immature tooth with a wide open apex and a radiolucent area in proximity of the apex of the tooth (Fig. 1) . The tooth gave no responses to thermal and electric pulp tests. Root canal treatment using MTA as an apical plug followed by obturation with thermoplasticized gutta-percha was planned.
After rubber dam application, a conventional endodontic access was prepared from palatal approach with 11. Initial working length was predicted by using paper point method. Then radiograph was made and working length was confirmed (Fig. 2) . Gentle instrumentation was done with #80 H-file in circumferential manner. Irrigation with 3% sodium hypochlorite was done throughout the shaping and cleaning procedures. Canal
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was dried with multiple absorbent points and a water-based calcium hydroxide dressing was placed. Access was sealed with Cavit-G and patient was recalled.
One week later, tooth was again isolated and canal thoroughly irrigated with saline to remove any remnants of calcium hydroxide and 17% liquid EDTA (Smear Clear SybronEndo, CA, USA) to remove smear layer. After drying canal, MTA (Dentsply Tulsa) powder was mixed with distilled water which was then carried into canal with the help of amalgam carrier and packed to form an apical plug of approximately 5 mm (Fig. 3 ) under operating microscope (12× magnification). Over this moist cotton pellet was placed and access cavity was sealed. Next day, cotton pellet was removed and canal was thoroughly dried with multiple absorbent points. Plugger was used to check the consistency of MTA and to examine if it was completely set. Subsequently, backfill was performed using thermoplasticized gutta-percha (Elements Obturation System, SybronEndo, CA, USA). Postobturation radiograph (Fig. 4 ) (Fig. 6 ). Root canal treatment using MTA as an apical plug followed by obturation with thermoplasticized gutta-percha was planned.
Rubber dam was applied and a conventional endodontic access was prepared with 21. Working length (Fig. 7) was calculated as in the above case followed by gentle instrumentation with #80 H-file in a circumferential manner along with continuous irrigation with 3% sodium hypochlorite. Canal was dried and a water-based calcium hydroxide dressing was placed. Patient was recalled after a week when thorough irrigation was carried out to remove any remnants of calcium hydroxide. Canal was dried and MTA (Dentsply Tulsa) was placed into the canal to form an apical plug of approximately 5 mm (Fig. 8 ) similar to case presented before. Over this moist cotton pellet was placed and access cavity was sealed. Next day, backfill was performed using thermoplasticized gutta-percha (Elements Obturation System, SybronEndo, CA, USA). Postobturation radiograph (Fig. 9 ) was taken to confirm the completion of endodontic therapy. The patient is completely asymptomatic and has been called for follow-up. 
DISCUSSION
Incomplete root development requires special attention and treatment plan. In such cases, the canal remains large with thin and fragile walls, and the apex architecture is divergent. These features make instrumentation of the canal difficult and hinder the formation of an adequate apical stop. As a result, it is imperative to create an artificial apical barrier or to induce the closure of the apical foramen with calcified tissue in order to allow for condensation of the root filling material and to create an adequate apical seal. [16] [17] [18] Calcium hydroxide has been the material of choice for induction of apical calcific barrier. But the long time required by calcium hydroxide to induce rootend closure limits its use. Also, extended use of calcium hydroxide makes the root prone to fracture. MTA may be an appropriate alternative for performing this procedure with predictable results. MTA has an ability to facilitate normal periradicular architecture by inducing hard-tissue barrier. 19 Its excellent biocompatibility, ability to set in presence of blood, possibility to restore teeth with a minimal delay without changing the mechanical properties of dentine, as seen with prolonged use of calcium hydroxide, make it even more advantageous. In general, the outcomes in the present two case reports are similar to previously reported cases of successful MTA apical plug procedures in teeth with necrotic pulps and open apices. 8, 9, 19 In the present case reports, after access preparation, working length was calculated using paper point method, since apex locators have shown inaccurate results in open apices. 20 Instrumentation was done with #80 H-file circumferentially to effectively clean the wide canal without applying excess pressure to prevent fracture of thin dentinal walls. In between, irrigation was done with 3% NaOCl. Water-based calcium hydroxide was placed to ensure rapid and complete disinfection. One week later, calcium hydroxide was removed and 4 to 5 mm MTA plug was formed in apical area to form a hard barrier against which obturation material could be placed. Obturation was completed with thermoplasticized gutta-percha, since it can be placed without applying any compaction forces on thin dentinal walls in contrast to lateral condensation method. After 6 months, both teeth were clinically asymptomatic and radiographic examination showed the dramatic regeneration of periradicular tissues. The use of operating microscope was very much helpful to place MTA barrier precisely in the apical area.
CONCLUSION
These results show that apexification in one visit, by placing an apical plug of MTA, is a predictable and reproducible clinical procedure. More investigations are necessary about the biological process of apexification, and the activity of MTA in contact with cells, especially its potential role in cell differentiation and wound healing.
